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ABSTRACT 



A cellular commuiiicatioti system and mobile device in 
which the mobile device utilizes a single aateona to handle 
communications for two or more radios. Each radio is 
coupled to the antenna by an appropriate iUter or the like 
which routes signals received in different frequency bands to 
the ^jpropriate radio for processing. By using only one 
antenna to service multiple radios, problems associated with 
mutual coupling between multiple antennas can be elimi- 
nated. Also, use of a diversity antenna having left and right 
hand circularly polarized elements provides improved 
immunity to cross-polarization. 

25 Claims, 6 Drawing Sheets 
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MOBILE DEVICE MULTIBAND ANTENNA 
SYSTEM 

TECHNICAL FIELD 

The present invention relates generally to mobile devices ^ 
used in cellular commualcations. and more particularly to 
mobile devices having two or more radios which share a 
common antenna. 

BACKGROUND OF THE INVENTION lO 

In recent years, the use of cellular communication sys- 
tems having mobile devices which communicate with a 
hardwired network, such as a local area netwofk (LA>f) and 
a wide area network (WAN), has become widespread. Retail 
stares and warehouses, for example, may use cellular com- 
munications systems to track inventory and r^lenish stock- 
The transportation industry may use such systems at large 
outdoor storage facilities to keep an accurate account of 
incoming and outgoing shipments. In manufacturing ^ 
facilities, such systems are useful for tracking parts, com- 
pleted products and defects. Such systems are also utilized 
for cellular telephone communications which allow users to 
roam aaoss large geogrq>hic regions while retaining tele- 
phonic access. Paging networks also utilize cellular com- ^ 
munication systems which enable a user to t>e paged any- 
where within a geogrq)hic region. 

A typical cellular communication system includes a num- 
bca- of fixed base stations or access points interconnected by 
a cable medium whidi forms a hardwired network. The ^ 
hardwired network is often referred to as a system backbone. 
Also included in many cellular commuoication systems are 
intermediate base stations which are not directly coonected 
to die hardwired network. Intermediate base stations, often 
referred to as wireless base stations or repeaters, inaease the 35 
area within which base stations connected to the hardwired 
network can communicate with mobUe devices. Unless 
otherwise indicated, the term "base station" will hereinafter 
refer to both base stations hardwired to the network and 
wireless base stations. ^ 

Associated with each base station is a gcogr^iiic cclL A 
cell is a geographic area in which a base station has sufiScient 
signal strength to transmit data to and receive data from a 
mobile device with an acceptable error rate. Typically, base 
stations will be positioned along the backbone such that the 45 
combined cell area coverage from each base station provides 
fiiU coverage of a building or site. 

Mobile devices such as telq)hones. pagers, personal digi- 
tal assistants (PDAs), data terminals, etc. are designed to be 
carried throughout die system from cell to celL Each mobile 30 
device is capable of communicating with tiie system back- 
bone via wireless conununications between the mobile 
device and a base station to which the mobile device is 
currently registered. As die mobile device is portable and 
roams from one cell to another, the mobile device will 55 
typically reassociatc itself with a new base station each time 
the mobile device enters a nsw cell thereby causing the 
former base station to which the mobile device was associ- 
ated to dcregister die mobile device. 

In order to communicate wirelessly with base stations on 60 
the system backbone, each mobile device typically has an 
antenna connected to a radio for transmitting and receiving 
radio frequency (RF) signals. In some environments, it is 
necessary Chat die mobile device communicate with two cc 
more cellular communication systems or a cellular conamu- 6S 
nication system and another radio conmiunication system, 
for example. Mobile devices in such situations typically 
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include two or more radios with corresponding antennas in 
order to communicate wirelessly with the respective com- 
munication systems. Sudi multiple radios may operate in 
different frequency bands, employ different modulation 
techniques, or the Uke. which will allow the multiple radios 
within the mobile device to operate simultaneously. 

For example, a mobile device such as a hand portable bar 
code reader or a portable workslate computer may have two 
radios with corresponding antennas which can simulta- 
neously coimnunicate with two different cellular communi- 
cation systems. This is often useful in situations where, for 
cxanq)le, infcymation Is received by the mobile device from 
a local cellular communication system in one frequency 
band and then must be communicated in real time to a 
central controller via a WAN based oellular conunu nication 
system in a second frequency band. Without the capability 
of communicating in two frequency bands, the information 
stored in the mobile device from the local cellular commu- 
nication system would have to be physically transferred to a 
radio capable of comtmmicating with the WAN based cel- 
lular communication system. This of course adds signifi- 
cantly to the time and eff<xt needed to transfer dau. 

As another exanq>lc. a truck operator may keep a portable 
data terminal for keeping track of inventory, shipping 
informatioo, scheduling, etc. The data terminal may include 
an inexpensive narrow band radio for communicating with 
a computer located on board the truck, and a more expensive 
spread spectrum radio for communicating with cellular 
conununication systenos located at stores and other facilities 
where the truck may visit In order to accommodate each 
different type of radio, the portable data terminal includes a 
different antenna for each radio. 

Unfortunately, there are a number of drawbacks associ- 
ated wifli the aforementioned types of mobile devices. Since 
each device includes two or more antennas located in dose 
proximity to each other, coupling may occur t>etween the 
antennas. Such coupling can result in intermodulation 
products, changes in VSWR and/or radiation panern 
distortion, for example. As a specific example, if a particular 
mobfle device includes two antennas axid informadon is 
being transmitted from the first antenna, the second antenna 
may simultaneously receive at least a portion of the trans- 
mitted signal. This can result In intermodulation products 
being introduced in a signal transmitted by the second 
antenna and/or a reduction in the power level of the signal 
transmitted by the second antenna. In systems where both 
radios are fairly active, such interference can place a sig- 
nificant burden on overall system performance. 

An additional drawback associated with conventional 
mobile devices is that such devices typically utilize linearly 
polarized antennas to handle the wireless conmiunications. 
Consequently, the mobile devices are prone to loss of signal 
strength in the event the orientation ci the antennas differs 
from that of the antennas at the other end of die communi- 
cation. A known approach fOT reducing such effects of 
cross-polarization is to use diversity in the case of each 
anterma in the mobile device. More specifically, each lin- 
early polarized antenna is replaced by two linearly polarized 
antermas oriented at orthogonal angles to one another. The 
antenna providing the strongest signal is selected to service 
the radio within the mobile device. 

Unfortunately, the use of diversity antennas requires that 
an additional antenna be added to the mobile device for each 
radio in order to minimize the possibility of cross- 
polarization. This increases the cost and size of the mobile 
device, as well as increasing the probability of mutual 
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coupling between (he antennas. For exanople. noany mobile 
devices are individually handled and operated by a single 
user over extended periods of time and the extra size and 
weight associated with the additional antennas can be a 
costly drawback to utilizing multiple radios. This problem 
only increases as the market place requires that even more 
radios be placed in each mobile device in order to stay 
conq)etitive. 

In view of the aforementioned shortcomings associated 
with conventional mobile devices, tiiere is a strong need in 
the art for a cellular conmiunication system in which mobile 
devices having multiple radios avoid problems associated 
with mutual coupling between different antennas. Moreover, 
there is a strong need in the art fcM- a mobile device which 
utilizes a single antenna to service two or more radios so as 
to reduce the size, wdgfit and cost of the mobile device. In 
addition, there is a strong need in the ait for a mobile device 
which avoids the problems associated with cross- 
polarization without substantially adding to the cost or 
complexity of the device. 

SUMMARY OF THE INVENTION 

The present invention relates to a cellular conmiunication 
system and mobile device in which the mobile device 
utilizes a single antenna to handle commumcations for two 
or more radios. Each radio is coupled to the same antenna by 
an appropriate filter or the like which routes signals received 
in different frequency l>ands to the ^>propriate radio for 
processing. By using only one antenna to service multiple 
radios, problems associated witt) mutual coupling between 
multiple antennas can be eliminated. Moreover, the single 
antenna reduces the overall size, weight and cost of the 
mobile device when two or more radios are included. In the 
preferred embodiment, ttie antenna is dicularly polarized. 
As a result the mobile device avoids problems associated 
with cross-polarization in connection wiA odier linearly 
polarized antennas. 

According to one particular aspect of the invention, a 
mobile device is provided including an antenna, a plurality 
of radios each operatively connected to the antenna for 
transmitting and receiving signals using the antenna, and a 
portable housing in which the plurality of radios are located. 

According to another aspect of the invention, a cellular 
communication system is provided. The system includes a 
system backbone, a host computer coupled to the system 
backbone, a plurality of base stations coupled to the system 
bacldx>ne and communicating with the host computer, each 
of the base stations comprising a base station transceiver f<x 
transmitting and receiving wireless communicatioos. a local 
con^uter including a local computer transceiver for trans- 
mitting and receiving wireless comnmnications, and at least 
one mobile device, each oi the at least one mobile device 
including: an antenna, and a plurality of radios within a 
portable housing each operatively connected to the antenna 
for transmitting and receiving signals using the antenna, 
wherein a first radio included in the plurality of radios 
conmiunicares with at least one of die plurality of base 
stations, and a second radio included in the plurality of 
radios communicates with the local computer transceiver 

In accordance with still another aspect of the invention, a 
mobile device Is provided including an antenna system, a 
radio operatively connected to the antenna system for trans- 
mitting and receiving signals using the antenna system, and 
a p<rtable housing in which the radio is located, wherein the 
antenna system comprises a first antenna which is right hand 
drcularty polarized and a second antenna which is left hand 
circularly polarized. 
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According to yet another aspect of the invention, a 
cellular communication system is provided. The system 
includes a first communications network including a hrst 
network backbone, a first host conq>uter coupled to the first 

5 badEbone. and at least one first base station coupled to the 
first system backbone and communicating with the first host 
computer, each of the first base stations having a base station 
transceiver for transmitting and receiving wireless commu- 
nications; a second conmuioications network Including a 

10 second network backbone, a second host computer coupled 
to the second backbone, and at least one second base station 
coupled to the second system backbone and communicating 
with the second host computer, each of the second base 
stations having a base station transceiver for transmitting 

IS and receiving wireless communications; and at least one 
mobile device, each of the at least one mobile device 
including an antenna, and a plurality of radios within a 
portable housing each operatively connected to the antenna 
for transmitting and receiving signals using the antenna. 

20 wherein a first radio included in the ]riurality of radios 
conununicates with at least one of the at least one first base 
stations coupled to said first system backbone, and a second 
radio included in the plurality of radios communicates with 
at least one of the at least one second base stations coupled 

25 to said second system backbone. 

To the accomplishment of the foregoing and related ends, 
the invention, then, comprises the features hereinafter fiiUy 
described and particulariy pointed out in the daims. The 
following description and the annexed drawings set forth in 

^ detail certain illustrative embodiments G^ the invention. 
These embodiments are indicative, however, of but a few of 
the various ways in whidi the principles of the invention 
may be employed. Odicr objects, advantages and novel 
features of the invention will become apparent from the 
following detailed descr^>tion of the invention when con- 
sidered in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

^ FIG. 1 is a block diagram of a ceUular communication 
system in accordance with the present invention; 

FIG. 2 is a block diagram of a mobile terminal with 
antenna In accordance with the present invention; 
FIG. 3 is a detailed block diagram of the RF section of the 
45 mobile terminal of FIG. 2 in accordance with the present 
invention; 

FIG. 4 is a block diagram of a base station as used in the 
cellular communication system of FIG. 1 in accordance with 
the present invention; 
^ FIG. 5 is a schematic diagram of another embodiment of 
an antemia fcv a mobile terminal in accordance with the 
present invention; and 

FIG. 6 is a block diagram of a ceUular communication 
system in accordance wi^ another embodiment oi the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

^ The cellular communication system and mobile devices of 
the present invention will now be described with reference 
to die drawings wherein Uke reference numerals are used to 
refer to like elements throughout 
As mentioned above, the present invention relates to 

65 cellular communication systems which include mobile 
devices that roam from cell to cell. Such mobile devices can 
be data terminals, tele^^ones. pagers, etc. In the exemplary 
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embodiment described hereinafter, each mobile device is a 
mobile data tenninal (hereinafter "mobile terminal") used to 
communicate data such as inventory or the liice. However, it 
is recognized that the invention contemplates other types erf 
mobile devices and is not necessarily limited to mobile 
terminals. 

Referring now to FIG. 1. a cellular communication system 
50 is shown in accordance with the exemplary embodiment 
of the present invention. The cellular communication system 
56 includes a octworic 51 having a hardwired data commu- 
nication path 52. The hardwired data communication path 
may be made of twisted pair cable, shielded coaxial cable or 
fiber optic cable, for cxan^>le. and is often refened to as the 
system backbone 52. Cooncctcd to the system backbone 52 
are several base stations 54. Each base station 54 serves as 
an entrance point through which wireless communications 
may occur with the system baddwnc 52. 

Each base station 54 is cq>able of wirelessly communi- 
cating with other devices in the system 50 via an antenna 60. 
A geographic cell 62 associated with each base station 54 
defines a region, or area of coverage, in which successful 
wireless communicatioo may occur. Depending on die type 
<rf antenna 60 selected and the output power of the respective 
base station, the cell 62 may take one of several different 
forms and sizes. For exanoqsle, FIG. 1 depicts the base 
stations 54 as utiUzing an omnidirectional antenna 60 
wherein a generally spherical cell area oi coverage is 
obtained. However, a directed yagi-type antenna or other 
form of antenna could also be used as will be readily 
^ypredated. 

The cellular conmiunication system 50 also includes one 
or more mobile terminals 66. As is explained msxc fully in 
connection with FIGS. 2 and 3, each mobile terminal 66 
indudes at least two different radios which allow the mobile 
tCTiinal 66 to communicate with different networks, radios, 
etc. simultaneously on different frequency bands, for 
exan^e. Unlike conventional mobile tcnninals, however, 
each mobile terminal 66 includes a single antenna 68 which 
is shared by each of the radios Included in the coobile 
tenninal 66. By each of the two or wotc radios in the mobile 
tenninal 66 sharing a single antenna 68. the present inven- 
tion eliminates f^blems associated with mutual coupling 
which commonly arises in tcnninals having more than one 
antenna closely situated Cogedicr. Additionally, since only a 
single antenna 68 is needed to handle multi-band 
communication, additional benefits are gained due to the 
space and weight savings obtained over conventional noobile 
tcnninals employing two or more antennas. 

For example, in the cellular communication system 50 
^own in FIG. 1 a mobile terminal 66 comnumicates with 
the network 51 using a first radio (not shown) by exdianging 
radio conununications 70 with a base station 54 connected 
to the backbone 52 via the antenna 66, The mobile terminal 
66 communicates with a host con^ter 72 or other device on 
the system backbone 52. for example, by exchanging radio 
communications 70 with the base station 54 which in turn 
communicates directly over the system backbone 52 with 
the host computer 72 or such other device. As is 
conventional, the mobile terminal 66 is able to communicate 
with devices on the system backbone 52 via a selected base 
station 54. Upon roaming from one cell 62 to anotfacx. the 
mobile terminal 66 Is configured to associate itself with a 
new base station 54. 

The same mobile tenninal 66. on the other hand, also 
communicates with a local computer 73, another cellular 
communication system, or the like, using a second radio (not 
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shown) by exchanging radio conomunications 74 via die 
antenna 68. The local conq)Uter 73 in this case includes a 
radio transceiver 75 with an antenna 76 which allows it to 
conmiunicate with the mobile terminal 66. In another 
s embodiment, the local computer 73 is actually a base station 
belonging to another cellular communication system which 
is structured similar to the cellular conmiunication system 
50. 

The cellular communication system 50 may be the type 
10 utilized in retail stores or warehouses, for example. Such 
systems are useful for tracking inventory and replenishing 
stock. Employees may enter inventory information using 
hand-held or portable mobile terminals 66 which can be 
carried throughout a store or warehouse. As an example, a 
1^ mobile terminal 66 may include a bar code reader for 
reading inventory information in a warehouse. The infor- 
mation thus entered into the mobile terminal 66 can then be 
transferred to the system backbone 52 by the first radio via 
a base station 54. At the same time, the mobile terminal 66 
20 can communicate with the local computer 73 using the 
second radio in order to communicate ordering information, 
for example. 

Regardless of the particular application of the two or more 
radios in each mobile terminal 66, the use of a single antenna 

^ 68 shared by each of the radios within the mobile terminal 
avoids the aforementioned {soblems with mutual coupling 
between antennas. Moreover, additional benefits are 
obtained in relation to size and weight savings, etc. 
Refdxing now to FIG. 2, a block diagram of an exemplary 

^ mobile tenninal 66 is shown. As noted above, each mobile 
terminal 66 includes an antenna 68 for receiving and trans- 
nutting signals. The antenna 68 is connected to a multiple- 
radio RF section 80 which, in the present embodiment, 
includes two separate radios for transmitting and receiving 
radio conomunications although certainly mcH-e radios are 
possible. As described below in connection with FIG. 3. 
signals received by the anteima 68 are coupled to the 
receivers of the respective radios. On the other hand, signals 
to be transmitted are coupled from the outputs of the 
transmitters of the respective radios to Che antenna 68. 

The RF section 80 is coupled via a control/data bus 82 to 
a jHocesso- 86 included in lhc mobile terminal 66. The 
processor 86 is responsible foe controlling the general opora- 

42 tion of the noobile terminal 66 with respect to processing and 
storing infomation received and transmitted by the RF 
section 80. The processor 86 is programmed to control and 
to opcTSic the various conqwnents within the mobile termi- 
nal 66 in order to carry out the various functions described 
herein. An operator ii^t device 88 is couj^ed to the 
processor 86 which allows an operator to input data to be 
communicated to the system backbone 52 or the local 
computer 73 sudi as inventory data, ordering infmnation. 
and the like. The input device 88 can include such items as 
a keypad, touch sensitive display, etc The mobile tenninal 
66 aJso may include a bar code reader 90 coupled to the 
processor 86 for providing another form of data input 

A display 92 Is also connected to and controlled by Che 
processor 86 via a display driver circuit 94. The display 92 

^ serves as a means for displaying information stored within 
the mobile terminal 66 and/or received over the system 
backbone 52 via a base station 54 or received firom the local 
computer 73. The display 92 can be a flat panel liquid crystal 
di^lay with alphanumeric c^iabilitics, for example, or any 

65 other type erf display as will be qjprcciated 

A memory 96 is included in each mobile terminal 66 for 
storing program code executed by the processor 86 for 
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carrying out the fuoctions described hciein. The actual code radio 112 is a narrow band radio operating in tfac 902-928 
for performing such functions could be easily programmed MHz band for sending and receiving transmissions in con- 
by a person having ordinary skill in the art of conqniter nectioo with the local con^uter 73. Each radio 110 and 112 
progranunlng in any of a number of conventional program- includes an RF receiver 116 which receives RF transmis- 
ming languages based on the disclosure herein, s sioos In the respective frequency t>ands via the antenna 68 
Consequently, further detail as to the particular code has and demodulates the signal to obtain digital information 
been omitted for sake of brevity. The memory 96 also serves modulated thereon. The information is then provided by the 
as a storage medium for storing infoimation received from RF receiver 116 to the processor 86 via a corresponding 
or Intended to be transmitted to a base station 54 or the local portion (e.g., 82a; 82^) of the control/data bus 82. 
computer 73 as discussed herein. With the cTLCcption of the Each radio 110 and 112 also includes an RF transmiaer 
antenna 68, the components making up the mobile terminal 118. In the event the mobile terminal 66 is to transmit 
66 arc preferably housed in a palm-sized housing repre- informatiott to the system backbone 52 in response to an 
scntcd in phantom by line 97. This makes (he moWle operator input at input device 88. for exanq)le, the processor 
terminal 66 highly portable and easy to carry from one cell 86 provides such information to the RF transmitter 118 in the 
to another. The housing 97 can be made of metal, high first radio 110 on bus portion 82a together with control 
strength plastic or the Like. The antenna 68 extends from the instructions to transmit the information. In turn, the RF 
housing much like a cordless telephone antenna. transmitter 118 naodulates the information onto a carrier 
In the prefeacd embodiment, the antenna 68 is a circu- within the 2.4-2.48 GHz band whidi is then provided to the 
larly polarized, omnidirectional type antenna. By being bandpass filter 104. The bandpass filter 104 passes the 
circularly polarized, the antenna tiS is able to receive any 20 modulated carrier onto line 102 and to the antenna 68 so as 
signal sent by a linearly polarized antenna without concern to be transmitted to the pardctilar t>ase station 54 with which 
for cross-polarization loss. Thus, the antennas 60 and 76 of the mobile terminal 66 is registered. Similarly, in the event 
the base stations 54 and the local computer 73. respectively. the mobile terminal 66 is to transmit information to die local 
may be linearly polarized without concern about the relative con^uter 73 the processor 86 provides such information to 
orientation of the mobile terminal antenna 68. Hence, even 2j the RF transmitter 118 in the second radio 112 on bus pcftion 
if transmissions from the base station 54 or local con^mter 826 together with control instructions to transmit the infor- 
73 undergo numerous reflections and/or other prc^^agation matioo. la turn, the RF transmitter 118 modulates the 
effects whidi may change the orientation of the linearly inf(»mation onto a carrier in the 902r-928 MHz band which 
polarized signal Ihc antenna 68 will be able to receive the Is then provided to the bandpass filter 106. The bandpass 
transmission with relatively little loss. Similarly, ciicuiariy 30 ^^cr 106 consequently passes the modulated carrier onto 
polarized transmissions from the antenna 68 can be received line 102 and to the antenna 68 so as to be transmitted to the 
by the antennas 60 and 76 regardless of their particular local con^utei 73. 

orientation. An exemplary omnidirectional, circularly polar- Accordingly, the mobile terminal 66 can provide simul- 

Ized antenna suitable for use as the antenna 68 is described taneous radio operation for two or more radios. As repre- 

in U.S. Pat No. 4327.163 for a '^Omnidirectional. Circu- 35 sented in FIG. 3, both the first radio 110 and the second radio 

larly Polarized, Cylindrical Microstrip Antenna**. The 112 are connected independendy to the processor 86 via 

antenna 68 can be either right or left hand circularly polar- portions 82a and 82&. Preferably the operating speed of the 

ized as will be appreciated. processor 86 is sufficiently high to allow a single processor 

FIG. 3 illustrates the antetma 68 and the RF section 80 in 86 to process corrmmnications corresponding to both or all 

mere detail. The anterma 68 is coupled to the front end of the 40 radios essentially simultaneously via multitasking or the 

RF section SO via a coaxial coimector 98 or the like. like. Alternatively, the processor 86 may In fact be made up 

Alternatively the antenna 68 may be soldered directly to the of a (durality of sq>arate processors (e.g.. two) operating in 

RF section 80. In particular, the antenna 68 is coupled to a paraUel with each radio (e.g.. radios 110 and 112) having its 

filter array 100 included within the RF section 80 which own dedicated processor for controlling die operation 

serves to separate the signals received and transmitted by the 45 thereof. Programmed instructions stored in the memory 96 

antenna 68 into discrete frequency bands. These frequency enables the processor 86 to determine which radio 110 or 

bands correspond to the <^>erating frequency bands of the 112 is responsible for handling various types of transnois- 

respective radios Indudcd in the mobile terminal 66. In the sions so that the processor 86 can determine which particular 

present embodiment, signals received by the antenna 68 are radio is to transmit die infonnation. To the extent possible, 

connected to line 102 of die RF section 80 as shown. These so the processor 86 is progranuned to avoid having two or more 

signals are connected in parallel to one port of ban<^ass radios transmit information at the same time so as to 

filters 104 and 106 having center frequencies fl and fZ minimize any possible interference between the transmitted 

respectively. For example, the bandpass filter 104 is signals. 

designed to pass signals only in the 2.4-2.48 gigahertz Referring now to FIG. 4. a block diagram representative 
(GHz) band whereas the bandpass filter 106 is designed to 5s of each base station 54 is shown. Each base station 54 is 
pass signals only in the 902-92$ megahertz (MHz) band. connected to the system backbone 52 via a connector 150 
H-eferably. the band^ss filters 104 and 106 are designed sudi as a DB-9 or RJ-4S oonnectcs^. The connector 150 is 
according to conventional techniques to provide at least on connected to the system backbone 52 at one end and to a 
the order d 30 decibels (db) isolation between the respective network ad^tcr transceiver 152 included in the base station 
bands. 60 54 at the other end. The network adapter transceiver 152 is 
Hie odicr port of each of the bandpass filters 104 and 106 configured according to conventional network adapter trans- 
is connected to conespoading first and second radios 110 ceiver tediniques to allow the base station 54 to conmiuni- 
and 112. respectively, included in the RF section 80. In the cate over the system backbone 52. The network adapter 
exemplary embodiment the first radio 110 is a spread transceiver 152 is also connected to an internal bus 154 
spectrum direct sequence radio communicating in the 6S Included within die base station 52. The base station 52 
2.4-2.48 GHz band for sending and receiving transmissions further includes a processor 156 connected to the bus 154 for 
In connection with the base stations 54 (FIG. 1). The second controlling and carrying out the operations of the base 
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station 54. The processor 156 may include any of a variety antennas 68a* and tSb' will be available for receiving and 
of diffaent microprocessors, such as the Motorola 68360 traosmitting right hand and left hand circularly polarized 
(23 MHz) or Intel 80386 raiaoprocessors. signals, respectively. 

The base stadon 54 also includes a memoiy 158 con- leiminals of the antennas 68fl' and 68<>' are connected 

nectedtothebusl54.Them£mofylS8storesiwogramcode s a controUable switch 180 which determines which of the 
executed by the process* 156 to control the other demente ^ ^ ^^ ^oDneaedto line 102 of the raobUe 

witiiin the base staUon 54to cany out the fiincUons referred connector 98. A control line 182 from a 

toherem.The memoiy 158 'J^'^ ^f^^f « coprocessor 186 whid, controU the switch 180 so that 
such as information received over the system bacKbone 52 ^ ■ * w- u aaw 

orthosetransmitledtoorreceivedftomthemobUeterminals „ P™«««' ^'^ 
66. Also connected to the bus 154 is an RF section 160 Fovidtjig the siroiigest dgnal at any 
included in the base staUon 54 which operates in the "r""""^ ^ ^Tiil^^^ 
aforementioned 2.4-2.48 GHz band. Tlie 1^ section 160 1» "»easi«s the re««red signal streng* torn «* of 
includes the aforementioned antenna 60 for receiving radio an«enn.s 68a' and m vta a ^^P^l^^?"^' i?J 
signals from and transmitting radio signals to mobUetermi- selects the Mtenna providmg the strongest wgnah The 
Jls 66 within the ceU arl, 62 of the base station 54. " P'°^'^ 186 controls the poafon of the sw.td. 180 such 
Information transmitted from a mobfle tenninal 66 to the thathe outpn from the selected antem,a is provided on hne 
base station 54 is received via the antenna 60 and is m to «he filter »«> in the same manj« d«mte^^ 
processed by an RF receiver 162 which demodulates and 

decodes the signal and converts the infcrmation to a digital ^ '^^^'^Z^?''':?*'l'=°''^fr^^^-^r^Tl 
signal. The fiocessor 156 in the base station 54 Sen P?*f*J«l"» A^.TUt^^^ 
processes the Mormation according to convenUonal tech- Y*** and 686 is intended to transmit 

Sques and stores the information in the memory 158 until » JfT^.^T,,^' TTL ^^^J^S 
such time as the base station 54 is able to tiismit the "O"™'* switch 180 to select the desired antenna. 
informatioD to its intended destination on the system back- y Thus, it will be ^predated that the present invention 
bone 52 via the network adapter transceiver 152 and con- provides a mobile device and cellular communication sys- 
nector 150. tem whidi avoids the problems associated with mutual 

Information which is transmitted to the base station 54 via coupling between antennas and cross polarization. In 
the system backbone 52 for transmission to a mobile teraai- additiwi, the i^eseot invention is useful in reducing ttie size 
nal 66 is received by the network transceiver 152. The 30 and wci|Jit of the mobile device as conq>ared to the prior art 
processor 156 controls an RF transmitter 164 included in the Referring briefly to FIG. 6. a cellular communication 
RF section 160, the RF transmitter 164 also being connected ^^^^^^ accordance with another embodiment of 

to the bus 154. The processor 156 causes Ae RF transmitter invention. The system indudes a first communications 

164 to modulate an RF signal using spread spectium network Nl induding a first netwoik backbone 52fl, a first 
techniques, for example, which in turn carries the infoma- 35 con^t€x 72fl coupled to the first backbone, and at least 
ticn to the appropriate mobile terminal 66. Exemplary 54, coupled to the first system back- 

hardware for carrying out the above-described basic func- j^^^ and communicating with the first host conqnitcr 
tions of transmitting and rccdving data between the system jja. Each of the first base stations S4a has a base station 
backbone 52 and one or more mobUe terminals 66 is found transceiver (not shown) for transmitting and receiving wire- 
in the ARLAN 631® Token Ring Access Point, which is 40 j^^^ communications. The system further indudes a second 
commercially available from Aironet Wireless communications networic N2 including a second network 
Cwnmunications, Inc., Akron, Ohio. backbone 52*, a second host computer 72b coupled to the 

Although the preferred embodiment has been described second backbone 52^, and at least one second base station 
with reference to mobile terminals having two radios, ^e 54^ coupled to the second system t>ackbone 52^ and corn- 
invention contemplates even more than two radios commu- 45 jQuoicating with the second host computer 726. Each of ttic 
nicating via the same antenna. In such situation, each radio second t>ase stations 546 has a base station transceiver (not 
would have a ccKresponding filter in the filter array 100 shown) for transmitting and receiving wireless communica- 
whidi limits ttio signals associated with the radio to those in xions 

apart^ular frequency range. In the prefe^ed enAo<Hme m'addiUon.dKS system includes ai least one mobile device 

each radio operates m a separate frequency band as will be » . ,, ^ . . , j . j 

appiedated^o. although Uie present iiivention employs «f- Each mobfle device 66 includes an antenna, and a 
TZy of bandpass fU^ to ^arate the signal^Vther P^^^ of '"'^ AH^"'.*'*'"*'^ 
filtering techniqueTmay also belLployed as wiU aUo be ^''^^ <«f"»«f«» *f 

aoDreciated. ting and receivmg Signals usmg the antenna 68. A first radio 

"iv^ ... . J . included in the Dhualitv <rf radios communicates with at 

'"'^'^•Jf^ ''.^ f ^ f backbone 52^ and a second radio inch>ded in the 

tenninal 66. In this embodiment, fte antenna 68 is a ^ ^ communicates with at least one of the 

divenityan ejmamade uportwoorcuiariy pojanzwanKn- ^^^^j'^ase stations S4i, coupled to said second system 

nas 68<7 and 686 . The antenna 68a is a ng^it hand circularly backbone 526 

polarized antenna whereas the antenna 686' is a left hand 60 

circularly polarized antenna Again, each of the antennas Although the invention has been shown and described 

68<2' and 686' could be of the type disclosed in the afore- with respect to certain preferred embodiments, it is obvious 

mentioned U.S. Pat No. 4,527,163. Such a configuration is that equivalents and modifications wtU occur to others 

paiticulaity useful in circumstances where it is antidpated skilled in the art upon the reading and understanding of the 

diat a mobile terminal 66 may receive signals from a 6S specification. The present invention includes all such 

circularly polarized antenna. Not only will both antennas be equivalents and modifications, and is limited only by die 

able to receive linearly polarized transmissions, but also the scope of the following daims. 
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What is claimed is: 

1. A mobile device, comprising: 
ao aQtenoa; 

a plurality of radios each opcratively connected to the 
antenna for transmitting and receiving signals using the 
antenna; and 

a portable housing in which the plurality of radios are 
located, 

wherein the antenna is circularly polarized 

2. The mobLe device of claim 1. wherein the plurality of 
radios operate in different respective frequency bands. 

3. A mobile device, comprising: 
an antenna; 

a plurality of radios each opciativeJy connected to the 
anteima for transmitting and receiving signals using the 
antenna; and 

a portable housing in which the plurality of radios are 
located, 

wherein the antenna is omnidirectionaL 

4. A mobile device, comprising: 
an antenna; 

a plurality of radios each operatively connected to the 
antenna fcr transmitting and receiving signals using the 
antenna; and 

a portable housing in which the plurality of radios are 
located, 

wherein the plurality of radios operate using the antenna 
substantially simultaneously. 

5. A mobile device. comf»ising; 
an antenna; 

a plurality of radios each opcratively connected to the 
antenna for transmitting and receiving signals using the 
antenna; 

a portable housing in which the plurality of radios are 
located; and 

further comprising a processor for processing data 
received or transmitted by any of ttie plurality of radios. 

6. A noobile device, comprising; 
an antenna; 

a plurality of radios each operatively connected to the 
antenna for transmittittg and receiving signals using the 
antenna; 

a portable housing in which the plurality of radios are 
located; and 

further comprising a bar code reader for inputting infor- 
mation to the mobile device. 

7. A method of (^)erating a mobile device including a 
plurality of radios, die method including the steps of: 

using a first radio selected from the plurality of radios and 
opo-atively coupled to an antenna to transmit and 
receive radio signals by way of the antenna; and 

using a second radio selected from the plurality cf radios 
and operatively coupled to the aotcnoa to transmit and 
receive radio signals by way of the antenna, 

wherein the antenna is circularly polarized. 

8. The method of claim 7, wherein the plurality of radios 
operate in different respective frequency bands. 

9. A method of operating a mobile device including a 
plurality of radios, the method including the steps of: 

using a first radio selected from the plurality of radios and 
operatively coupled to an antenna to transmit and 
receive radio signals by way of the antenna; and 

using a second radio selected from the plurality of radios 
and operatively coupled to the antenna to transmit and 
receive radio signals by way of the antenna. 



wherein the antenna is omnidirectional 

10. A method of operating a mobile device including a 
plurality of radios, the m^od including the steps of: 

using a first radio selected from the plurality of radios and 
3 operatively coupled to an antenna to transmit and 
receive radio signals by way of die antenna; and 
using a second radio selected from the plurality of radios 
and operatively coupled to the antenna to transmit and 
receive radio signals by way of the antenna, 
wherein the plurality of radios operate using the anteima 
substantially simultaneously. 

11. A method of operating a nsobile device including a 
plurality of radios, the method including the steps of: 

using a first radio selected from the plurality of radios and 
operatively coupled to an antenna to transmit and 
receive radio signals by way of the antenna; 
using a second radio selected from the plurality of radios 
and operatively coupled to the antenna to transmit and 
receive radio signals by way of the antenna; and 
further comprising the step of using a processor for 
processing data received or transmitted by any of the 
plurality of radios. 

12. A method of operating a mobile device including a 
plurality of radios, the method including the steps of: 

using a first radio selected from the plurality of radios and 
opcratively coupled to an antenna to transmit and 
receive radio signals by way of the antenna; 
usii3g a second radio selected from the plurality radios 
and operatively coupled to the antenna to transmit and 
receive radio signals by way of the antenna; and 
further comprising the stq) of using a bar code reader for 
ii^utting information to the mot>Lle device. 

13. A cellular c(HXununication system, conq>rising: 
a system badEbooe; 

a host computer cou{ded to the system backbone; 
a plurality of base stations coupled to the system back- 
bone and communicating with the host conqniter, each 
of the base stations comprising a base station trans- 
ceiver for transmitting and receiving wireless cconmu- 
nications; 

a local conofiutcr indudiog a local computer transceiver 
for transmitting and receiving wireless communica- 
tions; and 

at least one mobfle device, each of the at least one mobile 
device including: 
an antenna; and 

a plurality of radios within a portable housing each 
operatively coimected to the antenna for transmitting 
and receiving signals using the antenna; 
wherein a first radio included in the plurality of radios 
communicates with at least one of the plurality of 
base stations, and a second radio included in the 
plurality of radios communicates with the local com- 
puter transceiver. 

14. The system of claim 13. wherein the antenna is 
circularly polarized. 

15. Tlic system of claim 13. wherein the plurality of radios 
operate in different respective frequency bands. 

16. The system of claim 13. wherein the antenna is 
omnidirectional. 

17. The system of claim 13, wherein the plurality of radios 
operate using the antenna substantially simultaneously. 

18. The system of claim 13. further comprising a proces- 
sor for processing data received or transmitted by any of the 
plurality of radios. 
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19. The system of claim 13. fimher comprising a bar code 
reader for inputting information to the mobile device. 

20. A mobile device, comprising: 
an antenna system; 

a radio operativety connected to the antenna system for ^ 
transmitting and receiving signals using the antenna 
system; and 

a portable housing in v^di the radio is located, 
wherein the antenna system comprises a first antenna xq 
which is right hand circularly polarized and a second 
antenna which is left hand circularly polarized. 

21. The mobile device of claim 20. wherein the mobile 
device comprises a plurality of radios each opcratively 
coupled to the antenna system. 15 

22. A cellular communication system, comprising: 
a first communications oetwoxk induding: 

a first networic backbone; 

a first host computer coupled to the first badcbone; and 

at least one first base station coupled to the first system 20 
backbone and comixumicating with the first host 
computer, each of the first base stations having a base 
station transceiver for transmitting and receiving 
wireless communications; 
a second communications network including: ^ 

a second network backbone; 

a second host computer coupled to the second back- 
bone; and 



at leasi one second base station coupled to the second 
system backbone and communicating with the sec- 
ond host computer, each of the second base stations 
having a base stadon transceiver for transmitting and 
receiving wireless communications; and 
at least one mobile device, each of the at least one mobile 

device including: 

an antenna: and 

a plurality of radios within a portable housing each 
operatively connected to the antenna for transmitting 
and receiving signals using the antcDna; 

wherein a first radio included in the plurality of radios 
communicates with at least one of the at least one 
first base stations coupled to said first system 
backbone, and a second radio included in the plu- 
rality of radios communicates with at least one of the 
at least one second base stations coupled to said 
second system bacld>one. 

23. The system of claim 22. wherein the antenna is 
circularly polarized. 

24. The system of claim 23. wherein the antenna is 
omindirectlonaL 

25. The system of claim 22. wherein die plurality of radios 
operate using the antenna substantially simultaneously. 



03/14/2004, EAST Version: 1,4.1 



